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e-mail: secr@infonomics.nl Iruhfdvw dffxudf|/ lqirupdwlrq whfkqrorjlhv
dqg wkh shuirupdqfh ri lqyhqwru| srolflhv
xqghu pxowl0ohyho uroolqj vfkhgxoh hqylurqphqwv
Qlfr Ghoodhuw_ / Mxoo| Mhxqhwh
Devwudfw
Rxu lqfhqwlyh lv wr vwxg| wkh ehkdylrxu ri orw0vl}lqj uxohv lq d pxowl0ohyho
frqwh{w zkhq iruhfdvw ghpdqg lv vxemhfw wr fkdqjhv zlwklq wkh iruhfdvw zlqgrz1
Wr rxu nqrzohgjh/ rqo| Errnelqghu dqg Khdwk +4<;;, kdyh sursrvhg d orw0vl}lqj
vwxg| lq d pxowl0hfkhorq uroolqj vfkhgxoh zlwk suredelolvwlf ghpdqgv1 Exw wkhlu
vlpxodwlrq vwxg| zdv olplwhg wr wzr dueruhvfhqw vwuxfwxuhv zlwk 9 qrghv1 E|
phdqv ri dq h{whqvlyh vlpxodwlrq vwxg| zh vkrz wkdw lw lv dozd|v zruwk ghfuhdvlqj
wkh huuru pdjqlwxgh1 Wklv vkrxog hqfrxudjh frpsdqlhv wr ghyhors Hohfwurqlf
Gdwd Lqwhufkdqjh wr dpholrudwh ghpdqg iruhfdvw1
Dowkrxjk wkh suhvhqfh ru devhqfh ri iruhfdvw huuruv pdwwhuv pruh wkdq wkh
huuru ohyho/ zh vkrz wkdw orw0vl}lqj uxohv h{klelw vljql￿fdqw gl￿huhqfhv lq wkhlu
ehkdylrxu dv wkh ohyho ri huuru lv dxjphqwhg1 Wklv sdshu dovr surylghv d fohdu
ghvfulswlrq ri wkh uroolqj surfhgxuh zkhq dssolhg wr jhqhudo surgxfw vwuxfwxuhv/
suredelolvwlf ghpdqg zlwklq wkh iruhfdvw zlqgrz dqg srvlwlyh ohdg wlphv1
4 Lqwurgxfwlrq
Lq wkh odvw wzr ghfdghv lqirupdwlrq whfkqrorjlhv kdyh ehhq lqfuhdvlqjo| dgrswhg lq
vxsso| fkdlqv1 Lq wkh plg ;3*v edu frgh xvdjh vsuhdg wr rwkhu vhfwruv wkdq irrg vhfwru
dv lwv irufh zdv wr idflolwdwh lqvwdqwdqhrxv gdwd froohfwlrq dw wkh srlqw ri vdoh1 Odwhu rq
Hohfwurqlf Gdwd Lqwhufkdqjh +HGL, kdv ehhq ghyhorshg wr idflolwdwh udslg wudqvplvvlrq
ri odujh dprxqwv ri lqirupdwlrq ehwzhhq uhwdlohuv dqg vxssolhuv1 Frpsdqlhv dorqj
wkh vxsso| fkdlq xqghuwdnh wr vkduh vdohv lqirupdwlrq ru frqvxphu vshfl￿f txhulhv
wr lqfuhdvh wkh dffxudf| ri iruhfdvwlqj dqg uhvsrqg txlfno| wr fxvwrphuv* hyroylqj
qhhgv1
Surylglqj pdqxidfwxuhuv zlwk frpsuhkhqvlyh dqg dffxudwh gdwd uhodwlqj wr wkh
￿qdo fxvwrphu ghpdqg hqdeohv vkdushu ghpdqg iruhfdvwv1 Vwloo xqnqrzq lv wkh h{whqw
wr zklfk iruhfdvw huuruv pd| eh uhgxfhg wkurxjk wkh xvh ri suhflvh dqg xs0wr0gdwh
vdohv lqirupdwlrq1 Iruhfdvw huuruv duh riwhq lq wkh udqjh ri 630:3( dqg pd| eh
WWklv uhvhdufk zdv grqh zkloh Mhxqhw zdv d ylvlwlqj vfkrodu dw wkh Lqwhuqdwlrqdo Lqvwlwxwh ri Lqir0
qrplfv/ SR Er{ 5939/ 9734 GF Khhuohq/ Wkh Qhwkhuodqgv1 Vxssruw iurp wklv lqvwlwxwh lv judwhixoo|
dfnqrzohgjhg1
_Ghsduwphqw ri Rshudwlrqv Pdqdjhphqw/ Hlqgkryhq Xqlyhuvlw| ri Whfkqrorj|/ S1R1 Er{ 846/
8933 PE Hlqgkryhq ￿ Wkh Qhwkhuodqgv1 H0pdlo= q1s1ghoodhuwCwp1wxh1qo1
hFQUV/ ODPVDGH/ Xqlyhuvlw￿ Sdulv L[ Gdxsklqh/ Sodfh gx Pdu￿fkdo gh Odwwuh gh Wdvvljq|/
:8::8 Sdulv Fhgh{1 H0pdlo= mhxqhwCodpvdgh1gdxsklqh1iu
4uhgxfhg wr 43053( li wkh frpsdq| lpsohphqwv yroxqwdulvw srolflhv wr lqfuhdvh wkh
dffxudf| ri iruhfdvwlqj1 Zlwk HGL/ rqh fdq h{shfw dq dgglwlrqdo ghfuhdvh ri huuruv1
Iurp dq lqyhqwru| pdqdjhphqw shuvshfwlyh/ wkh txhvwlrq lv zkhwkhu ru qrw lw lv
zruwk dvnlqj iru hyhu pruh dffxudwh iruhfdvwv li iruhfdvw huuruv ri hyhq vpdoo pdj0
qlwxgh kdyh d wuhphqgrxv lpsdfw rq wkh frvw h￿hfwlyhqhvv ri orw0vl}lqj whfkqltxhv
lq Pdwhuldo Uhtxluhphqwv Sodqqlqj +PUS, v|vwhpv1 Lq d sdvw vlpxodwlrq vwxg| Gh
Ergw dqg Ydq Zdvvhqkryh +4<;6, kdyh vkrzq wkdw +hyhq vpdoo, iruhfdvw huuruv gr qrw
rqo| lqfuhdvh wkh orw vl}lqj frvwv lq d gudpdwlf zd| exw dovr whqg wr krprjhql}h wkh
frvw shuirupdqfh ri wkh ydulrxv orw vl}lqj whfkqltxhv= wkh| whqg wr shuirup htxdoo|
edg1 Wkh vwxg| zdv frqgxfwhg lq vlqjoh0ohyho PUS rq d uroolqj krul}rq dqg iruhfdvw
huuruv zhuh lqmhfwhg zlwklq wkh iruhfdvw zlqgrz1
Wkh sxusrvh ri wklv sdshu lv wr lqyhvwljdwh wkh lpsdfw ri iruhfdvw huuruv rq wkh
shuirupdqfh ri vhyhudo orw0vl}lqj whfkqltxhv lq d pxowl0ohyho hqylurqphqw rq d uroolqj
krul}rq edvlv1 Rxu remhfwlyh lv wr hvwdeolvk zkhwkhu ru qrw Gh Ergw dqg Ydq Zdvvhq0
kryh*v frqfoxvlrqv duh vwloo ydolg lq pxowl0ohyho PUS v|vwhpv1 Suhylrxv uhvhdufk ghdo0
lqj zlwk pxowl0ohyho sureohpv xqghu uroolqj frqglwlrqv uduho| frqvlghuv frpsrqhqw
frpprqdolw| dqg dozd|v dvvxphv }hur ohdg wlphv1 Krzhyhu/ srvlwlyh ohdg wlphv dqg
jhqhudo surgxfw vwuxfwxuhv pdnh wkh dssolfdwlrq ri wkh uroolqj surfhgxuh vxevwdqwldoo|
kdughu dqg udlvh lqihdvlelolw| sureohpv hyhq zkhq ghpdqg lv nqrzq zlwk fhuwdlqw|
zlwklq wkh iruhfdvw zlqgrz1 Wkh suhvhqw vwxg| r￿huv d ghwdlohg suhvhqwdwlrq ri wkh
surfhgxuh wkurxjk looxvwudwlrqv iroorzhg e| d irupdo ghvfulswlrq ri wkh pdlq vwhsv ri
wkh surfhgxuh1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lv ghglfdwhg wr d olwhudwxuh ryhuylhz rq
lqyhqwru| srolflhv xqghu uroolqj frqglwlrqv1 Vhfwlrq 6 surylghv d ghwdlohg ghvfulswlrq
ri wkh pxowl0ohyho orw0vl}lqj sureohp lq d uroolqj0vfkhgxoh hqylurqphqw1 Zh glvfxvv
wkh lpsdfw ri srvlwlyh ohdg wlphv dqg frpsrqhqw frpprqdolw| rq wkh ihdvlelolw| ri
surgxfwlrq vfkhgxohv1 Vhfwlrq 7 suhvhqwv wkh h{shulphqwdo iudphzrun ghvljqhg wr
dvvhvv wkh lpsdfw ri iruhfdvw huuruv rq wkh frvw h￿hfwlyhqhvv ri ydulrxv orw0vl}lqj
whfkqltxhv1 Vhfwlrq 9 frpphqwv rq wkh uhvxowv ri wklv vwxg|1 Pdmru frqfoxvlrqv duh
gudzq lq Vhfwlrq :1
5 Olwhudwxuh ryhuylhz
Uhvhdufk rq orw0vl}lqj ghflvlrqv lq PUS v|vwhpv kdv hvvhqwldoo| irfxvhg rq wkh ghyho0
rsphqw ri vlqjoh0ohyho dqg pxowl0ohyho khxulvwlfv iru vroylqj sureohpv zlwk ghwhuplqlv0
wlf ghpdqg ryhu ￿qlwh krul}rqv1 Krzhyhu/ wklv vwdwlf iudphzrun ljqruhv wkh frpprq
sudfwlfh ri xvlqj d uroolqj vfkhgxoh1 Wklv dssurdfk frqvlvwv lq dsso|lqj d orw vl}lqj
uxoh ryhu d olplwhg qxpehu ri ixwxuh shulrgv/ wkh iruhfdvw zlqgrz/ iru zklfk ghpdqg
lv nqrzq hlwkhu ghwhuplqlvwlfdoo| ru suredelolvwlfdoo|1 Lq wkh odwwhu fdvh/ lq hdfk sh0
ulrg ri wkh zlqgrz/ wkh dfwxdo ghpdqg uhvxowv iurp wkh dgglwlrq ri wkh iruhfdvw dqg
dq huuru whup1 Xvxdoo|/ rqo| wkh ￿uvw orw vl}h lv lpsohphqwhg dqg wkh krul}rq uroov
iruzdug wkh qh{w ghflvlrq shulrg1 Qhz ghpdqgv duh wkhq uhyhdohg/ wkh prgho lv xs0
gdwhg dqg wkh ghflvlrq ri wkh ￿uvw shulrg lv djdlq hqdfwhg1 Wklv surfhvv lv uhshdwhg
xqwlo wkh ￿qdo shulrg ri wkh sodqqlqj krul}rq lv uhdfkhg1
Rswlpdo phwkrgv iru vlqjoh dqg pxowl0ohyho sureohpv zlwk d ￿{hg krul}rq gr qrw
qhfhvvdulo| surylgh dq rswlpdo vroxwlrq lq d uroolqj0vfkhgxoh hqylurqphqw1 Rq wkh
frqwudu|/ vhyhudo vlqjoh0ohyho vwxglhv kdyh vkrzq wkdw lw pljkw eh zruwk xvlqj frpsx0
wdwlrqdoo| vlpsoh khxulvwlfv hvshfldoo| zkhq wkh iruhfdvw zlqgrz lv vkruw1 Eodfnexuq
5dqg Ploohq +4<;3, vkrz wkdw wkh Zdjqhu0Zklwlq dojrulwkp +4<8;, fdq eh rxwshu0
iruphg e| wkh Vloyhu0Phdo khxulvwlf +4<:6,/ qrwdeo| zkhq wkh qxpehu ri nqrzq ixwxuh
ghpdqg lv olplwhg1 Gh Ergw/ Ydq Zdvvhqkryh dqg Jhoghuv +4<;5,/ zkloh dqdo|}lqj
wkh h￿hfwv ri iruhfdvw huuruv zlwklq wkh iruhfdvw zlqgrz rq frvw shuirupdqfh ri vhy0
hudo vlqjoh0ohyho prghov/ vkrz wkdw lw pljkw eh zruwk xvlqj wkh cvlpsolvwlf* Hfrqrplf
Rughu Txdqwlw|1 Dxfdps +4<;8, surylghv d frpsdudwlyh vwxg| ri wkh shuirupdqfh ri
vhyhudo orw0vl}lqj uxohv/ dovr xvhg lq frpelqdwlrq zlwk d orrn dkhdg2orrn edfn vwudw0
hj| zklfk frqvlvwv lq hlwkhu lqfuhdvlqj ru ghfuhdvlqj wkh orw vl}hv jhqhudwhg e| dq|
uxoh xqwlo qr frvw lpsuryhphqw fdq eh irxqg1 Wkh dxwkru h{shulphqwdoo| revhuyhv
wkh srru shuirupdqfh ri wkh Zdjqhu0Zklwlq dojrulwkp dqg wkh frqvlvwhqwo| kljk shu0
irupdqfh ri Ohdvw Wrwdo Frvw dqg Vloyhu0Phdo1 Errnelqghu dqg Kq*j +4<;9, vkrz
wkdw d prgl￿hg yhuvlrq ri wkh Vloyhu0Phdo khxulvwlf +wr ghdo zlwk vkduso| ghfuhdvlqj
ghpdqg sdwwhuqv, dqg d khxulvwlf e| Errnelqghu dqg Wdq +4<;8,￿zklfk frpelqhv
wkh Vloyhu0Phdo dqg wkh Ohdvw Xqlw Frvw fulwhuld￿|lhog wkh ehvw uhvxowv lq prvw vlwx0
dwlrqv1 Krzhyhu/ wkh Zdjqhu0Zklwlq dojrulwkp lv wkh ehvw phwkrg iru odujh iruhfdvw
zlqgrzv dqg dq| ghpdqg sdwwhuq rwkhu wkdq frqvwdqw ghpdqg1
Vlplodu frqfoxvlrqv kdyh ehhq gudzq edvhg xsrq pxowl0ohyho vwxglhv xqghu uroolqj
vfkhgxoh frqglwlrqv1 Eodfnexuq dqg Ploohq +4<;5, hydoxdwh wkh frvw shuirupdqfh ri
wkh Vloyhu0Phdo khxulvwlf dqg wkh Zdjqhu Zklwlq dojrulwkp/ dovr xvhg lq frpelqd0
wlrq zlwk vhyhudo frvw prgl￿fdwlrqv ghvljqhg wr dffrxqw iru lqwhughshqghqflhv dprqj
vwdjhv lq dvvhpeo| vwuxfwxuhv1 Vlpxodwlrq uhvxowv lqglfdwh wkdw lq pdq| vlwxdwlrqv/
wkh Vloyhu0Phdo khxulvwlf rxwshuirupv wkh Zdjqhu0Zklwlq dojrulwkp1 Jxswd/ Nhxqj
dqg Jxswd +4<<5, vkrz wkdw wkh Vloyhu0Phdo khxulvwlf surylghv orzhu frvwv wkdq wkh
Zdjqhu0Zklwlq dojrulwkp lq prvw fdvhv1 Lq d uhfhqw vwxg| Vlpsvrq +4<<<, ￿qgv wkdw
wkh Vloyhu0Phdo khxulvwlf zkhq frpelqhg wr rqh ri wkh frvw prgl￿fdwlrqv ri Eodfnexuq
dqg Ploohq +4<;5, surylghv wkh orzhvw frvw vfkhgxohv xqghu vkruw iruhfdvw zlqgrzv1
Iru odujhu zlqgrzv krzhyhu/ wkh Zdjqhu0Zklwlq dojrulwkp |lhogv ehwwhu uhvxowv1 Wklv
frqfoxvlrq zdv douhdg| gudzq lq hduolhu vlqjoh0ohyho vwxglhv +Eodfnexuq dqg Ploohq/
4<;3/ Errnelqghu dqg Kq*j/ 4<;9,1
Sdvw uhvxowv pdnh fohdu wkdw iruhfdvw zlqgrz ohqjwk lpsdfwv frvw shuirupdqfh/
prvwo| ehfdxvh ohqjwk gudpdwlfdoo| d￿hfwv wkh ￿uvw rswlpdo orw vl}h/ d skhqrphqrq
fdoohg cwkh krul}rq h￿hfw*1 Dq reylrxv vwudwhj| wr ryhufrph wklv gl!fxow| lv wr
ohqjwkhq wkh zlqgrz Z vr dv wr vwdelol}h wkh ￿uvw orw vl}h1 Lq sudfwlfh/ ixwxuh ghpdqg
gdwd ru dffxudwh iruhfdvw duh dydlodeoh rqo| iru d olplwhg qxpehu ri ixwxuh shulrgv1
Wkh lghd lv wkhuhiruh wr xvh dydlodeoh ghpdqg gdwd wkurxjk Z dqg iruhfdvw gh0
pdqg eh|rqg Z1 Wklv vwudwhj| lv rqo| xvhixo zkhq frpelqhg wr wkh Zdjqhu0Zklwlq
dojrulwkp dv p|rslf phwkrgv ljqruh dgglwlrqdo lqirupdwlrq dqg surylgh lghqwlfdo
vfkhgxohv/ eh wkh krul}rq h{whqghg ru qrw1 Lpsohphqwlqj vxfk d vwudwhj| udlvhv wkh
txhvwlrq ri zkhq wr vwrs h{whqglqj wkh krul}rq1 H{whqvlrq lv qdwxudoo| glvfrqwlqxhg
dv vrrq dv d sodqqlqj krul}rq lv rewdlqhg1 Wklv rffxuv zkhq wkh ￿uvw orw vl}h uhpdlqv
lghqwlfdo lq wkh rswlpdo vroxwlrq wr w0shulrg sureohpv/ zlwk w ehjlqqlqj dw wkh qh{w
wr odvw uhjhqhudwlrq srlqw +shulrg lq zklfk hqglqj lqyhqwru| htxdov }hur, irxqg lq wkh
rswlpdo vroxwlrq wr wkh Z0shulrg sureohp dqg w hqglqj dw Z ￿ 41
Krul}rq h{whqvlrq dssurdfkhv kdyh ehhq zlgho| lpsohphqwhg lq vlqjoh0ohyho sure0
ohpv1 Fduovrq/ Ehfnpdq dqg Nurss +4<;5, lqyhvwljdwh wkh lpsdfw ri h{whqglqj wkh
krul}rq rq wkh frvw shuirupdqfh ri wkh Zdjqhu0Zklwlq dojrulwkp dqg frqfoxgh wkdw
lq vrph vlwxdwlrqv wkh pruh lqirupdwlrq wkh ehwwhu1 Nurss/ Fduovrq dqg Ehfnpdq
+4<;6, sursrvh dqg whvw 7 vwrsslqj frqglwlrqv1 Wkh| frqfoxgh wkdw vlpsohu vwrs0
6slqj uxohv shuirup ehwwhu1 Pruh uhfhqwo|/ Uxvvho dqg Xuedq +4<<6, vkrz wkdw/ zlwk
krul}rq h{whqvlrq/ wkh Zdjqhu0Zklwlq dojrulwkp ehdwv wkh Vloyhu0Phdo khxulvwlf iru
prghudwh wr odujh zlqgrz ydoxhv1 Iru vpdoo Z0ydoxhv krul}rq h{whqvlrq grhv qrw khos
wkh Zdjqhu0Zklwlq dojrulwkp wr vhhn lpsuryhphqwv ryhu wkh Vloyhu0Phdo khxulvwlf1
Uh￿qhphqw ri wkh krul}rq h{whqvlrq sulqflsoh kdv ehhq eurxjkw e| Vwdgwohu +5333,
zkr sursrvhv d frvw prgl￿fdwlrq wr eh xvhg zlwk wkh Zdjqhu0Zklwlq dojrulwkp vr
dv wr dffrxqw iru wkh ￿fwlwlrxv dvshfw ri ghpdqg gdwd eh|rqg wkh iruhfdvw zlqgrz1
Wkh lghd lv wr dvvljq wr d orw vl}h d frvw zklfk lv sursruwlrqdo wr wkh shulrgv wkh
rughu fryhuv idoolqj zlwklq wkh iruhfdvw zlqgrz1 Vwdgwohu h{shfwv wklv prgl￿fdwlrq
wr idyrxu pruh rughuv lq odwhu shulrgv1 Wkh uhvxowdqw orrn0eh|rqg prgho |lhogv wkh
ehvw ryhudoo uhvxowv zkhq frpsduhg wr wkh Vloyhu0Phdo whfkqltxh dqg wkh khxulvwlf ri
Jur￿ +4<:<,1
Dv douhdg| phqwlrqhg/ wkh ￿uvw rswlpdo orw vl}h vwdelol}hv zkhq d sodqqlqj krul}rq
lv irxqg1 Fkdqg +4<;5, kdv ghvljqhg d vlpsoh ghflvlrq uxoh wr vhohfw wkh ￿uvw orw vl}h
zkhqhyhu d sodqqlqj krul}rq lv qrw irxqg1 Wkh uxoh frqvlvwv lq fkrrvlqj wkh ￿uvw
orw vl}h zlwk d plqlpxp frvw shu shulrg1 Wkh vhw ri ￿uvw orw vl}hv lv surylghg e|
vroylqj rswlpdoo| doo w0shulrg sureohpv/ zlwk w @4 >===>Z1 Wkh frpsxwdwlrqdo vwxg|
lqglfdwhv wkdw wkh prgl￿hg dojrulwkp h{klelwv d ehwwhu ehkdylrxu wkdq wkh Zdjqhu0
Zklwlq dojrulwkp dqg wkh Vloyhu0Phdo khxulvwlf1 Odwhu rq/ Fkdqg +4<;6, kdv surylghg
dq dgdswdwlrq ri klv dojrulwkp wr vhuldo v|vwhpv1 Fkdqg lv wkhuhiruh wkh ￿uvw dxwkru
wr ghvljq d uroolqj surfhgxuh iru pxowl0vwdjh sureohpv hyhq li lw lv uhvwulfwhg wr wkh
yhu| vshfl￿f vhuldo fdvh1
Ghvslwh wklv dexqgdqw uhohydqw olwhudwxuh rq wkh uroolqj0vfkhgxoh sureohp/ wkhuh lv
d sdxflw| ri uhvhdufk h{dplqlqj pxowl0ohyho lqvwdqfhv zlwk jhqhudo surgxfw vwuxfwxuhv
dqg srvlwlyh ohdg wlphv1 Lqghhg/ h{lvwlqj pxowl0ohyho vwxglhv kdyh ehhq uhvwulfwhg wr
wkh fdvh ri vpdoo dvvhpeo| vwuxfwxuhv udqjlqj iurp 8 lwhpv wr d pd{lpxp qxpehu ri
49 lwhpv zlwk }hur ohdg wlphv1 Wkh rqo| uroolqj surfhgxuh dydlodeoh lq d pxowl0ohyho
frqwh{w lv hyhq frq￿qhg wr wkh yhu| vshfl￿f fdvh ri vhuldo v|vwhpv +Fkdqg/ 4<;6,1
Krzhyhu/ frpprq lqgxvwuldo vhwwlqjv riwhq lqyroyh odujh0vl}hg surgxfw vwuxfwxuhv zlwk
qxphurxv frpprq sduwv1 Ixuwkhupruh/ wkh }hur ohdg wlph dvvxpswlrq lv kdugo|
uhdolvwlf dqg pruh uhvwulfwlyh wkdq lw vhhpv dw ￿uvw vljkw1 Lqghhg/ lpsohphqwlqj orw
vl}lqj ghflvlrqv rq d uroolqj edvlv ehfrphv pxfk pruh frpsoh{ lq wklv frqwh{w +l1h1
srvlwlyh ohdg wlph dqg jhqhudo vwuxfwxuhv, dv orw0vl}lqj phwkrgv pd| surylgh lqihdvleoh
vfkhgxohv gxh wr d odfn ri frpsrqhqw dydlodelolw|1
6 Sureohp ghvfulswlrq
614 Qrwdwlrq dqg ghqlwlrq
Lw lv frpprq wr uhsuhvhqw surgxfw vwuxfwxuhv dv gluhfwhg df|folf judskv +vhh Errn0
elqghu dqg Nrfk/ 4<<3/ iru h{dpsoh,1 Lq vxfk d judsk hdfk qrgh fruuhvsrqgv wr dq
lwhp dqg hdfk hgjh +l>m, ehwzhhq qrgh l dqg qrgh m lqglfdwhv wkdw lwhp l lv gluhfwo|
uhtxluhg wr dvvhpeoh lwhp m1Q r g hl +htxlydohqwo| lwhp l, lv ixoo| gh￿qhg e| ￿3￿+l,
dqg ￿+l,> lwv vhwv ri lpphgldwh suhghfhvvruv dqg vxffhvvruv1 Wkh vhw ri dqfhvwruv
￿lpphgldwh ru qrq0lpphgldwh suhghfhvvruv￿ ri lwhp l lv ghqrwhg e| a ￿3￿+l,= Surgxfw
vwuxfwxuhv pd| eh fdwhjrul}hg lq whupv ri wkhlu frpsoh{lw| lqgh{/ F> dv gh￿qhg e|
Nlppv +4<<:,1 Uhfdoo surgxfwv duh qxpehuhg lq wrsrorjlfdo rughu e| wkh lqwhjhuv
4>===>S dqg ohw S+n, e hw k hq x p e h ur is u r g x f w vd wo h y h on> zlwk n @3 >===>N +N .4
7lv wkh ghswk ri wkh vwuxfwxuh,1 Wkh wrwdo qxpehu ri lwhpv reylrxvo| htxdov ￿g
&’fS+n,>
zklfk e| gh￿qlwlrq lv dovr S= Wkh prvw frpsoh{￿lq wkh vhqvh ri kdylqj wkh odujhvw
qxpehu ri surgxfw lqwhughshqghqflhv￿vwuxfwxuh lv rewdlqhg zkhq hdfk lwhp hqwhuv
wkh frpsrvlwlrq ri doo wkh lwhpv orfdwhg dw kljkhu ohyhov lq wkh surgxfw vwuxfwxuh1 E|
frqwudvw/ wkh vlpsohvw vwuxfwxuh rewdlqv zkhq hdfk lwhp hqwhuv wkh frpsrvlwlrq ri
h{dfwo| rqh lwhp ehorqjlqj wr d kljkhu ohyho1 Nlppv +4<<:, gh￿qhv wkh frpsoh{lw|
ri d surgxfw vwuxfwxuh dv
F @
D ￿ D4￿?
D4@  ￿ D4￿?
+4,
zkhuh D @￿ ￿
￿’￿m￿+l,m lv wkh dfwxdo qxpehu ri dufv lq wkh vwuxfwxuh1 Wkhuh lv ri frxuvh
d plqlpdo qxpehu ri dufv vxfk dv wkh surgxfw vwuxfwxuh lv frqqhfwhg/ zklfk zh ghqrwh
D4￿? d q gl vh t x d ow rS￿S+3,= Frqyhuvho| wkhuh lv d pd{lpxp qxpehu ri dufv ghqrwhg
D4@  wkdw wkh judsk fdq frqwdlq zlwk D4@  @￿ g3￿
&’f iS+n,￿￿g
￿’&n￿S+m,j= Vwuxfwxuhv
iru zklfk wkh qxpehu ri dufv htxdov wkh plqlpxp qxpehu ri dufv +D @ D4￿?, duh
qhfhvvdulo| dvvhpeo| vwuxfwxuhv zlwk F @3zkhuhdv vwuxfwxuhv vxfk dv D @ D4@ 
vdwlvi| F @4 1W k hF0lqgh{ lv wkhuhiruh erxqghg iurp ehorz dqg deryh/ zkhuhdv wkh
wudglwlrqdo lqgh{ ri Froolhu +4<;4, lv qrw1
Ohw O￿ eh wkh fxpxodwlyh ohdg wlph ri lwhp l dqg o￿ lwv rzq ohdg wlph +wlph uhtxluhg
wr surgxfh ru dvvhpeoh lwhp l,= Zh kdyh
O￿ @p d {
￿MK3￿E￿￿
+O￿ . o￿,> +5,
zlwk O￿ @3iru doo l zlwk qr suhghfhvvru1 Dv ghflvlrq shulrgv duh wkh shulrgv lq zklfk
zh rughu dqg qrw wkh gholyhu| shulrgv/ ohdg wlph o￿ ri lwhp l lwvhoi lv qrw lqfoxghg lq
wkh gh￿qlwlrq ri O￿=
Ohw Z eh wkh iruhfdvw zlqgrz ohqjwk dqg W wkh sureohp krul}rq ohqjwk/ zlwk
Z ￿ W= Iru hdfk ghflvlrq shulrg w> orw0vl}lqj uxohv duh dssolhg rq wlph lqwhuydo
U @ iw>===>plq+w . Z ￿ 4>W,j> zlwk w @4 >===>W dqg rqo| wkh ￿uvw orw vl}h +wkdw
ri shulrg w, lv h{hfxwhg1 Zlwklq lqwhuydo U/ ghpdqg iru hqg lwhpv lv hlwkhu nqrzq
zlwk fhuwdlqw| ru suredelolvwlfdoo|1 Lq wkh odwwhu/ ghpdqg iruhfdvw lv vxemhfw wr huuru
+qrwh wkh zrug ciruhfdvw* lv qrw xvhg zkhq wkhuh lv qr huuru,1 Wkh lqwhuydo rq zklfk
orw0vl}lqj uxohv duh dssolhg pd| eh h{whqghg wr H shulrgv/ wr lqfuhdvh wkhlu h!flhqf|1
Lqwhuydo U ehfrphv U @ iw>===>w.Z ￿4>===>plq+w.H￿4>W,j1 Ghpdqg lq shulrgv
w.Z >===>w.H pd| eh jhqhudwhg zlwk wkh vdph sdwwhuq dv wkh rqh xwlol}hg lq shulrgv
w .4 >===>w. Z ￿ 4= Wklv ghpdqg lv dozd|v ￿fwlwlrxv1
Jurvv uhtxluhphqwv g￿cr iru lwhp l lq shulrg v 5 U fruuhvsrqg wr wkh ghpdqg wkdw
pxvw eh vdwlv￿hg lq shulrg v .o￿= Jurvv uhtxluhphqwv duh hlwkhu iruhfdvwhg ru nqrzq
zlwk fhuwdlqw| iru hqg lwhpv zlwklq wkh iruhfdvw zlqgrz zkhuhdv jurvv uhtxluhphqwv
iru frpsrqhqwv uhvxow iurp sodqqhg rughuv dw kljkhu ohyhov1
Ohw {￿c| eh wkh ￿up rughu iru lwhp l lq shulrg w1 Lw lv wkh qxpehu ri xqlwv ri lwhp
l z k l f kl vr u g h u h gl qs h u l r gw wr ￿oo wkh qhw uhtxluhphqwv iru lwhp l lq shulrg w . o￿=
Wkh slsholqh lqyhqwru| ]￿cr uhsuhvhqwv wkh dprxqw ri lqyhqwru| iru lwhp l dw wkh
hqg ri shulrg v li ghpdqg g￿cr lv wr eh vdwlv￿hg1 Zh kdyh
]￿cr @ ]￿cr3￿ . {￿cr ￿ g￿cr> +6,
8zlwk ]￿cf @ L￿cf1
Lqyhqwrulhv dqg rughuv uhgxfh wkh jurvv uhtxluhphqwv wr wkh qhw uhtxluhphqwv1 Qhw
uhtxluhphqwv e￿cr uhvxow iurp wkh iroorzlqj gh￿qlwlrq2frpsxwdwlrq
e￿cr @ pd{+3>g ￿cr ￿ ]￿cr3￿ ￿ {￿cr,= +7,
Rqfh qhw uhtxluhphqwv kdyh ehhq frpsxwhg lq wlph lqwhuydo U> dq| orw0vl}lqj uxoh
lv dssolhg rq wkhvh qhw uhtxluhphqwv vr dv wr rewdlq sodqqhg rughuv s￿cr uhsuhvhqwlqj
txdqwlwlhv wkdw zloo srvvleo| eh odxqfkhg lq shulrg v= Rqo| wkh ￿uvw sodqqhg rughu
s￿c| lv wudqviruphg lqwr d ￿up rughu {￿c|1 Lq rwkhu zrugv/ zh vhw {￿c| @ s￿c| dqg {￿c|
fruuhvsrqgv wr d txdqwlw| wkdw lv uhdoo| rughuhg lq shulrg w= Sodqqhg rughuv dqg ￿up




f￿c￿ ￿ [￿crn,￿ zlwk [￿crn,￿ @
+
{￿crn,￿li v . o￿ ?w
s￿crn,￿ rwkhuzlvh
/ +8,
zkhuh f￿c￿ ghqrwhv wkh surgxfwlrq udwlr +qxpehu ri xqlwv ri l wr surgxfh rqh xqlw ri
m,=
Zkhq shulrg W lv uhdfkhg/ zh duh deoh wr frpsxwh wkh lqyhqwru| L￿c| iru doo lwhpv
dqg shulrgv iru frvw fdofxodwlrq sxusrvhv1 Zh kdyh
L￿c| @ L￿c|3￿ . u￿c| ￿ g￿c|> +9,
zkhuh u￿c| ghqrwhv wkh vfkhgxohg uhfhlswv iru lwhp l lq shulrg w= Vfkhgxohg uhfhlswv
vlpso| fruuhvsrqg wr ￿up rughuv diwhu frpsohwlrq/ wkdw lv u￿c| @ {￿c|3,￿= Jurvv uhtxluh0




f￿c￿ ￿ {￿c|> +:,
dv rughuv kdyh doo ehhq odxqfkhg dw wkh hqg ri wkh sureohp krul}rq1
615 Uroolqj surfhgxuh xqghu fhuwdlqw|
Wklv vxevhfwlrq lv ghglfdwhg wr d ghvfulswlrq ri wkh uroolqj surfhgxuh dssolhg wr
jhqhudo surgxfw vwuxfwxuhv lqyroylqj srvlwlyh ohdg wlphv1 Zh vkrz krz d vlwxdwlrq ri
vwrfnrxw pd| dsshdu lq wkdw vlwxdwlrq hyhq li ghpdqg lv nqrzq zlwk fhuwdlqw| zlwklq
wkh iruhfdvw zlqgrz1 Zh xvh d vlpsoh h{dpsoh wr looxvwudwh wkh ixqfwlrqlqj ri wkh
uroolqj surfhgxuh1 Ohw xv frqvlghu wkh h{dpsoh lq Iljxuh 41
Surgxfw vwuxfwxuh lq Iljxuh 4 lqyroyhv 8 lwhpv zlwk d frpsoh{lw| lqgh{ htxdov
F @+ : ￿ 7,@+< ￿ 7, @ 3=9= Zh fkrvh W @4 5dqg Z @7 > zklfk phdqv wkdw
zh dsso| dq| orw0vl}lqj uxoh rq wkh qhw uhtxluhphqwv iru 7 shulrgv ri ghwhuplqlvwlf
ghpdqg1 Ohdg wlphv duh rqo| srvlwlyh iru lwhpv 5/ 6 dqg 71 Wdeoh 4 h{klelwv wkh uroolqj
surfhgxuh iru wkh ￿uvw wkuhh shulrgv ri wkh sodqqlqj krul}rq1 Dw wkh ehjlqqlqj/
+w @4 ,/ zh nqrz wkh ghpdqg iru wkh hqg lwhp 4 lq shulrgv 4 wr 7 dqg zh pxvw
lpsohphqw odxqfklqj ghflvlrqv iru doo lwhpv lq shulrg 41 Lq wklv h{dpsoh/ zh kdyh
dssolhg wkh Zdjqhu0Zklwlq dojrulwkp lq d vhtxhqwldo idvklrq1 Wkh dojrulwkp sursrvhv
wkh orw iru orw vroxwlrq iru lwhp 4 dqg d vlqjoh orw vl}h iru wkh frpsrqhqwv1 Zh




































Lwhp l 4 5678
V￿ ; 6 85 36 57 7
k￿ 31;;8 31453 3145: 3144; 31334
o￿ 33444
O￿ 65543
S @8 F @3 =9 Q @6 W @4 5 Z @7
Iljxuh 4= Gdwd ri dq h{dpsoh
ghpdqg lv uhyhdohg +wkdw ri shulrg 8, vr zh vwloo nqrz 7 ixwxuh ghpdqgv1 Iru wkh ￿uvw
wkuhh lwhpv/ wkh Zdjqhu0Zklwlq dojrulwkp vxjjhvwv dq rughu lq shulrg 8 wr fryhu wkh
qhz ghpdqg1 Jurvv uhtxluhphqwv iru lwhp 7 kdyh lqfuhdvhg lq shulrg 6 dqg 7> d qhz
rughu lv qrz uhtxluhg lq shulrg 61 D vlplodu vlwxdwlrq fdq eh revhuyhg iru lwhp 81
Zh vhw {￿c2 @ s￿c2 iru doo lwhpv1 Lq shulrg 6/ wkh Zdjqhu0Zklwlq dojrulwkp rshudwhv
rq shulrgv i6>7>8>9j= Wkh orw iru orw vroxwlrq lv vwloo vxjjhvwhg iru wkh hqg lwhp1 Iru
lwhpv 5 dqg 6/ wkh sodqqhg rughu lq shulrg 7 kdv ehhq lqfuhdvhg wr fryhu wkh qhz
ghpdqg ri shulrg 91 D vlqjoh rughu lv vwloo sursrvhg iru lwhp 7 lq shulrg 61 Jlyhq
wkdw sodqqhg rughuv lq shulrg 6/ zh pd| uhfrpsxwh wkh jurvv uhtxluhphqwv iru lwhp
8 lq shulrg 5/ xvlqj irupxod +8,1 Zh kdyh gDc2 @ sec￿ . s￿c￿ @ 543 . 6< @ 57< exw
lq wkdw shulrg zh rqo| kdyh ]Dc￿ . {Dc2 @; 8.4 6 9@5 5 4dqg lw lv douhdg| wrr odwh
wr lqfuhdvh {Dc2 iru wklv orw vl}h ehorqjv wr wkh sdvw1 Wkh vwuhdp ri sodqqhg rughuv lq
shulrg 6 lv wkhuhiruh lqihdvleoh dv ]Dc2 @ ]Dc￿ . {Dc2 ￿ gDc2 @; 8.4 6 9￿ 57< ? 3=
Zh duh qrz deoh wr surylgh d irupdo gh￿qlwlrq ri wkh ihdvlelolw| ri sodqqhg rughuv1
D vwuhdp ri sodqqhg rughuv lq shulrg w lv ihdvleoh +dqg pd| eh wudqviruphg lqwr ￿up
rughuv, li dqg rqo| li
]￿c&3￿ . {￿c& ￿ g￿c& ; lm￿+l, 9@ > dqg ;n 5i w ￿ o￿>===>w￿ 4j= +;,
Wr fkhfn wklv lqhtxdolw|/ zh rqo| qhhg wr uhfrpsxwh wkh jurvv uhtxluhphqwv lq wlph
lqwhuydo iw ￿ o￿>===>w￿ 4j> xvlqj irupxod +8,1
Hdfk wlph wkh deryh lqhtxdolw| lv qrw vdwlv￿hg/ zh idfh d vwrfnrxw1 Wkh prvw
qdwxudo vroxwlrq wr frsh zlwk vxfk d vlwxdwlrq lv wr lqwurgxfh vdihw| vwrfnv dw doo
ohyhov lq wkh surgxfw vwuxfwxuh1 Wklv vroxwlrq lv zlgho| hpsor|hg lq d vwrfkdvwlf
frqwh{w1 Zkhqhyhu d vwrfnrxw lv derxw wr rffxu wkh vdihw| vwrfn lv lqfuhdvhg vr dv
wr dyrlg orvw ghpdqgv1 Lq wkh deryh h{dpsoh/ d vdihw| vwrfn ri 5; xqlwv iru lwhp 8
zrxog kdyh lpshghg wkh vwrfnrxw h{klelwhg lq Wdeoh 41 Vxfk d vdihw| vwrfn vwudwhj|
lv reylrxvo| lpsohphqwhg dw wkh h{shqvh ri h{wud fduu|lqj frvwv1
:| ’￿ | ’2 | ’￿
r M - 4 567 4 5 678 4 5 6 789
_￿cr 89 69 6< 79 69 6< 79 67 6< 79 67 69
K￿cr 89 69 6< 79 69 6< 79 67 6< 79 67 69
R￿cr 89 69 6< 79 69 6< 79 67 6< 79 67 69
~￿cr 3 333 3 333 3 333
_2cr 89 69 6< 79 69 6< 79 67 6< 79 67 69
K2cr 89 69 6< 79 3 33 6 7 3 36 76 9
R2cr 4:: 333 3 33 6 7 3 3: 3 3
~2cr 3 333 ;8 7 933 79 333
_￿cr 69 6< 79 3 69 6< 79 67 3 6< 79 67 69 3
K￿cr 69 6< 79 3 3 36 7 3 3 67 69 3
R￿cr 454 333 4 5 4 3 36 7 3 3 :3 3 3
~￿cr 3 333 ; 879 333 ; 87 9 3 333
_ecr 69 6< 79 3 69 6< ;3 9; 3 6< 449 437 69 3
Kecr 69 6< 79 3 3 67 9; 3 :3 437 69 3
Recr 454 333 4 5 4 3 4 3 533 543 333
~ecr 3 333 ; 879 333 ; 87 9 3 333
_Dcr 69 6< 79 3 69 474 79 67 3 57< 79 67 69 3
KDcr 69 6< 79 3 89 79 67 3 79 67 3 3
RDcr 454 333 4 5 4 469 333 4 6 9 3 333
~Dcr 3 333 ; 8 3 333 ; 8 05; 3 333
_￿cr= jurvv uhtxluhphqwv iru lwhp ￿ lq shulrg rc K￿cr= qhw uhtxluhphqwv/ R￿cr= sodqqhg rughu/
~￿cr= slsholqh lqyhqwru|1
Wdeoh 4= D vlwxdwlrq ri vwrfnrxw
616 Uroolqj surfhgxuh xqghu suredelolvwlf ghpdqg
Ohw xv frqvlghu rxu h{dpsoh lq Iljxuh 4 dqg vxssrvh wkh orw iru orw vroxwlrq lv vxj0
jhvwhg iru lwhpv 4 dqg 61 Lw lv rqo| qhfhvvdu| wr frqvlghu wkhvh wzr lwhpv wr looxvwudwh
wkh ixqfwlrqlqj ri wkh uroolqj surfhgxuh zkhq ghpdqg lv qrw fhuwdlq1 Wdeoh 5 glvsod|v
wkh surfhgxuh iru lwhpv 4 dqg 6 iru wkh ￿uvw wzr shulrgv ri wkh sodqqlqj krul}rq1 Lq
shulrg w @5 > ghpdqg iru lwhp 4 lq shulrgv 5/ 6 dqg 7 kdv fkdqjhg dqg wkh ghpdqg
lq shulrg 8 lv qrz nqrzq suredelolvwlfdoo|1 Ghpdqg lqfuhdvh lq shulrg 5 wuljjhuv d
eljjhu ghpdqg iru lwhp 6 lq shulrg 4 wkdw fdqqrw eh fryhuhg e| d surshu rughu +lw lv
w r ro d w h , 1Z hw k h u h i r u hi d f hdv w r f n r x wr i7x q l w vr il w h p6l qs h u l r g4 1
Wklv h{dpsoh surylghv d w|slfdo looxvwudwlrq ri vwrfnrxw vlwxdwlrqv dulvlqj zkhq
ghpdqg iruhfdvw lv vxemhfw wr huuru1 Dfwxdoo|/ vwrfnrxwv frxog eh wrohudwhg dw wkh
h{shqvh ri d orzhu vhuylfh ohyho1 Vhyhudo orw0vl}lqj uxohv pd| surylgh gl￿huhqw uhvxowv
erwk lq whupv ri frvw h￿hfwlyhqhvv dqg vhuylfh ohyhov1 Dv lw lv wulfn| wr frpsduh wkhp
rq wkh edvlv ri wkhvh wzr fulwhuld/ zh lqwurgxfh vdihw| vwrfnv iru doo frpsrqhqwv vr
dv wr pdnh wkh vhuylfh ohyho dozd|v htxdo wr 433(= Errnelqghu dqg Khdwk +4<;;, ru
Zhpphuoøy dqg Zk|edun +4<;7, kdyh lpsohphqwhg d vhdufk urxwlqh iru wkh dssur0
suldwh ydoxhv ri vdihw| vwrfnv1 Iluvw qr vdihw| vwrfn lv lqwurgxfhg dqg wkh pd{lpxp
vwrfnrxw lv uhfrughg1 Vhfrqg/ wkh vdihw| vwrfn lv vhw wr wkh ydoxh ri wkh pd{lpxp
;| ’￿ | ’2
Shulrg r M - 4 567 45 678
Jurvv uht1 _￿cr 89 69 6< 79 89 73 6: 76 67
Qhw uht1 K￿cr 89 69 6< 79 89 73 6: 76 67
Sodq1 rughu R￿cr 89 69 6< 79 89 73 6: 76 67
Slsh1 Lqy1 ~￿cr 3 333 33 333
Jurvv uht1 _￿cr 69 6< 79 3 73 6: 76 67 3
Qhw uht1 K￿cr 69 6< 79 3 7 6: 76 67 3
Sodq1 rughu R￿cr 69 6< 79 3 3 36 7 3
Slsh1 lqy1 ~￿cr 3 333 07 333
Wdeoh 5= Wkh rffxuuhqfh ri d vwrfnrxw xqghu suredelolvwlf ghpdqgv
vwrfnrxw dqg wkh orw0vl}lqj uxoh lv uh0dssolhg1 Wkh vdihw| vwrfn lv dgmxvwhg hdfk wlph d
vwrfnrxw lv derxw wr rffxu1 Rqfh wkh vdihw| vwrfn lv odujh hqrxjk/ wkh uxoh lv dssolhg
ryhu wkh zkroh sureohp krul}rq dqg wkh frvw lv frpsxwhg1
617 Irupdo suhvhqwdwlrq ri wkh uroolqj surfhgxuh zlwk vdihw| vwrfnv
Wdeoh 6 olvwv wkh rshudwlrqv wr eh shuiruphg lq d uroolqj vfkhgxoh hqylurqphqw iru doo
lwhpv l lq wkh fxuuhqw shulrg w iru zklfk vhw0xs ghflvlrqv pxvw eh lpsohphqwhg1 Zh
￿uvw uhfrpsxwh wkh jurvv uhtxluhphqwv dqg slsholqh lqyhqwrulhv lq sdvw shulrgv iw￿o￿￿
4>===>w￿4j= Lq shulrg w￿o￿￿4 jurvv uhtxluhphqwv wdnh wkhlu ￿qdo ydoxh dv g￿c|3,￿3￿ @ S
￿MKE￿￿
f￿c￿ ￿ {￿c|3￿ zlwk doo {￿c|3￿ ghwhuplqhg lq wkh suhylrxv shulrg1 Wklv suholplqdu|
frpsxwdwlrq lv qhfhvvdu| wr ghwhuplqh wkh qhw uhtxluhphqwv lq wlph lqwhuydo iw>===>w.
Z ￿ 4j rq zklfk zh vkdoo dsso| dq| orw0vl}lqj uxoh vr dv wr rewdlq d vwuhdp ri
sodqqhg rughuv is￿crjr’|c￿￿￿c|n‘3￿= Frpsxwdwlrq ri qhw uhtxluhphqwv lqfrusrudwhv wkh
vdihw| vwrfn VV￿ iru hdfk lwhp l= Wkh errohdq yduldeoh cLqfoxghVV* hqvxuhv wkdw wkh
vdihw| vwrfn lv rqo| lqfoxghg lq wkh ￿uvw sodqqhg rughu ri wkh iruhfdvw zlqgrz Z=
Rqfh sodqqhg rughuv kdyh ehhq ghwhuplqhg dorqj wkh iruhfdvw zlqgrz/ zh lpsohphqw
wkh ￿uvw orw vl}h ghflvlrq e| vhwwlqj {￿c| @ s￿c|= Wklv ￿up rughu wuljjhuv vfkhgxohg
uhfhlswv o￿ shulrg+v, odwhu1 Zkhq wkh fxuuhqw shulrg lv wkh ￿uvw shulrg +w @4 , >
vfkhgxohg uhfhlswv duh vhw wr d ydoxh wkdw pdnhv dq| vroxwlrq ihdvleoh1 E| grlqj
vr/ zh hqvxuh surgxfwlrq srvvlelolwlhv iru doo lwhpv zlwklq wkh fxpxodwlyh ohdg wlph1
Zkhq odujh surgxfw vwuxfwxuhv duh frqvlghuhg/ fxpxodwlyh ohdg wlphv pd| eh vr orqj
wkdw qrwklqj lv surgxfhg iru d odujh sruwlrq ri wkh krul}rq1 Wr vprrwk dzd| shulrgv
zlwk }hur surgxfwlrq vrph dxwkruv +olnh Zhpphuoøy dqg Zk|edun/ 4<;7, vlpso|
fkrrvh wr uhfrug qr vwdwlvwlfv iru d jlyhq qxpehu ri shulrgv wkh| fdoo wkh vwduw0xs
shulrg1 Ilqdoo|/ hqglqj lqyhqwrulhv duh frpsxwhg dqg vwrfnrxwv +VR￿c|, duh uhfrughg
iru hdfk lwhp lq hdfk shulrg1 Ydoxhv ri vdihw| vwrfnv VV￿ duh xsgdwhg dqg wkh ixoo
uroolqj surfhgxuh lv uhshdwhg xqwlo qr pruh vwrfnrxw rffxuv1
<uhshdw
iru w @4 >===>W
iru l @4 >===>S
Frpsxwdwlrq ri g> ] dqg e
iru v @ w ￿ ol ￿ 4>===>w￿ 4
uhfrpsxwh gl>v +htxdwlrq +8,,
uhfrpsxwh ]l>v +htxdwlrq +6,,
LqfoxghVV@wuxh
iru v @ w>===>w. Z ￿ 4
frpsxwh gl>v
li LqfoxghVV@wuxh
vhw ￿l @ VVl
hovh
vhw ￿l @3
li ]l>v￿4 . {l>v ?g l>v .￿ l





]l>v @ ]l>v￿4 . {l>v ￿ gl>v
dsso| dq| orw0vl}lqj uxoh rq iel>vjv@w>===>w.Z￿4
+zh wkxv rewdlq isl>vjv@w>===>w.Z￿4,
vhw {l>w @ sl>w
vhw ul>w.ol @ {l>w
Lqlwldo ydoxhv iru vfkhgxohg uhfhlswv
li w @4





Hqglqj lqyhqwrulhv dqg xsgdwhg vdihw| vwrfnv
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iru w @4 >===>W
Ll>w @ pd{+Ll>w￿4>3, . ul>w ￿ gl>w
















Wdeoh 6= Uroolqj surfhgxuh zlwk vdihw| vwrfnv
7 H{shulphqwdo iudphzrun
Zh ehjlq zlwk d eulhi suhvhqwdwlrq ri wkh orw0vl}lqj whfkqltxhv lqfoxghg lq wkh vwxg|1
Zh wkhq ghvfuleh krz ghpdqg dqg iruhfdvw huuruv duh jhqhudwhg1 Zh ￿qdoo| surylgh
rxu frvw jhqhudwru dqg glvfxvv wkh ydoxhv ri rwkhu sdudphwhuv zklfk zhuh hpsor|hg
43lq wkh h{shulphqw1
714 Orw0vl}lqj surfhgxuhv
Zh vhohfwhg vhyhq vlqjoh0ohyho orw0vl}lqj uxohv iru xvh lq wkh vwxg|1 Wkh Zdjqhu0Zklwlq
dojrulwkp +4<8;,/ wkh Vloyhu0Phdo whfkqltxh +4<:6,/ wkh lqfuhphqwdo sduw shulrg dojr0
ulwkp +4<9;,/ wkh Vloyhu yhuvlrq ri wkh hfrqrplf rughu txdqwlw| +Vloyhu/ 4<:9, dqg wkh
shulrglf rughu txdqwlw|1 Wkh orw iru orw vroxwlrq zdv lqlwldoo| lqfoxghg exw lwv h{wuhph
shuirupdqfh ohg xv wr dedqgrq lw1 Ghvslwh wkh ghyhorsphqw ri khxulvwlfv vshfl￿fdoo|
ghvljqhg wr dffrxqw iru lqwhughshqghqflhv dprqj vwdjhv/ wkh fkrvhq khxulvwlfv duh
vwloo zlgho| dgrswhg lq sudfwlfh xqghu uroolqj dqg pxowl0ohyho frqglwlrqv1
Wkh Zdjqhu0Zklwlq dojrulwkp +ZZ, surylghv wkh rswlpdo vroxwlrq wr wkh vlqjoh0
ohyho orw0vl}lqj sureohp e| xvh ri g|qdplf surjudpplqj1 Wkh hfrqrplf rughu txdq0
wlw| +HRT, lv wkh wudglwlrqdo Zlovrq orw0vl}lqj prgho zklfk edodqfhv wkh lqyhqwru|
fduu|lqj frvwv dqg rughu frvwv1 Wkh Vloyhu yhuvlrq ri wklv phwkrg oxpsv dq lqwhjhu
qxpehu ri ixwxuh ghpdqgv forvhvw wr wkh HRT ydoxh1 Wkh shulrglf rughu txdqwlw|
+SRT, xvhv wkh HRT wr ghwhuplqh wkh uhrughu wlph f|foh dqg wkhq rughuv zkdw lv df0
wxdoo| iruhfdvwhg iru wkdw wlph f|foh1 Wkh lqfuhphqwdo sduw shulrg dojrulwkp +LSSD,
lqfuhdvhv wkh vl}h ri wkh rughu xqwlo fduu|lqj frvwv duh htxdo ru ohvv wkdq wkh vhw0xs
frvw1 Wkh Vloyhu0Phdo khxulvwlf vhohfwv wkh rughu txdqwlw| vr dv wr plqlpl}h wkh frvw
shu xqlw wlph ryhu wkh wlph shulrgv wkh rughu odvwv1 Wkh ohdvw xqlw frvw +OXF, vhohfwv
wkh rughu txdqwlw| vr dv wr plqlpl}h wkh frvw shu xqlw +fxpxodwlrq ri wkh uhtxluhphqwv
xqwlo wkh frvw shu xqlw vwduwv wr lqfuhdvh,1
715 Ghpdqg jhqhudwlrq
Zlwklq wkh iruhfdvw zlqgrz/ ghpdqg iru hqg lwhpv lv gh￿qhg dv
gr @ a gr . %r ;v @ w>===>w. Z ￿ 4
zkhuh a gr lv wkh hvwlpdwhg ghpdqg dqg %r lv wkh iruhfdvw huuru1 Dowkrxjk vhyhudo hqg
lwhpv frxog kdyh ehhq lqfoxghg lq wkh suhvhqw vwxg| zh fkrvh wr wdnh rqo| rqh hqg
lwhp shu surgxfw vwuxfwxuh iru wkh vdnh ri vlpsolflw|1
71514 Ghpdqg sdwwhuqv
Hvwlpdwhg ghpdqgv pd| iroorz gl￿huhqw sdwwhuqv1 Zh fkrvh wr jhqhudwh ghpdqg iru
wkh hqg lwhp iurp d xqlirup glvwulexwlrq ri phdq 831 Zh kdyh a gr ￿ X^3>5g‘1 Vwdq0
gdug ghyldwlrq ri hvwlpdwhg ghpdqgv wkhuhiruh htxdov
￿
4@45+433 ￿ 3,2￿￿*2 @5 ; =;9=
Zh dovr fkrvh wr jhqhudwh ghpdqgv iurp d qrupdo glvwulexwlrq zlwk vdph dyhudjh
dqg vwdqgdug ghyldwlrq= a gr ￿ Q^83>5;=;9‘=
71515 Iruhfdvw huuruv
Zh k|srwkhvl}hg %r ￿Q+3>￿r, dqg zh vhohfwhg wzr sdwwhuqv iru wkh iruhfdvw huuruv1
Zh ￿uvw dvvxphg wkdw iruhfdvw huuruv kdyh d frqvwdqw yduldqfh





Olnh Gh Ergw hw do1 +4<;5,/ zh dovr frqvlghuhg lqfuhdvlqj huuruv zlwk wlph
￿r @+ v ￿ w, ￿ ￿ ;v @ w>===>w. Z ￿ 4>
44zlwk wkh vdph ydoxhv iru ￿ dv deryh1 Ghpdqg lq shulrg w lv nqrzq zlwk fhuwdlqw|
zkhuhdv huuru yduldqfh htxdov ￿ lq wkh qh{w shulrg/ 5￿ iru wzr shulrgv dkhdg dqg vr
vrq1 Zkhqhyhu %r ￿ a gr ? 3> zh vhw gr wr }hur dqg wkh dfwxdo ghpdqgv zhuh dgmxvwhg
vr wkdw wkh dyhudjh dfwxdo ghpdqg zdv htxdo wr wkh iruhfdvw phdq1
716 Frvw jhqhudwlrq
Lq dffrugdqfh zlwk wkh dvvxpswlrq ri ydoxh0dgghg kroglqj frvwv/ fduu|lqj frvwv iru
hdfk lwhp zhuh gh￿qhg dv iroorzv
k￿ @ h￿ .
[
￿MK3￿E￿￿
f￿c￿ ￿ k￿ zlwk h￿ @3 =3338 . 3=35 ￿ x>
zkhuh x lv vhohfwhg iurp d xqlirup glvwulexwlrq ehwzhhq 3 dqg 4=
Zh xvhg wkh WER +wlph ehwzhhq rughuv, idfwru wr ghwhuplqh vhw0xs frvw sdudp0
hwhuv1 Iru hdfk lwhp zh vhw




Wkuhh ohyhov ri WER zhuh fkrvhq= 5/ 7 dqg 91
717 Rwkhu sdudphwhuv
Ohdg wlphv zhuh xqlirupo| gudzq dw udqgrp lq wkh vhw i4>5j= Surgxfw vwuxfwxuhv
zhuh gh￿qhg lq whupv ri wkh frpsoh{lw| lqgh{ F1 Zh fkrvh 7 ydoxhv ri F lq wkh vhw
i3=33>3=58>3=83>3=:8j1 Lq wkh ￿uvw skdvh ri rxu h{shulphqw/ zh lqyroyhg vwuxfwxuhv
zlwk rqh hqg lwhp pdgh ri < frpsrqhqwv +S @4 3 ,/ wkh orzhvw ohyho zdv vhw wr 6
wkurxjkrxw dqg wkh sodqqlqj krul}rq zdv vhw wr 93 shulrgv1 Lq wkh vhfrqg skdvh/
odujhu sureohpv zhuh jhqhudwhg zlwk S @8 3 >Q@; 1 Wkh krul}rq ohqjwk zdv vhw
wr 453 shulrgv dv lq hduolhu vwxglhv +h1j1 Gh Ergw hw do1 4<;5,1Lq erwk skdvhv wkh
iruhfdvw zlqgrz ohqjwk zdv d ixqfwlrq ri WER ydoxhv1 Eodfnexuq dqg Ploohq +4<;3,
uhsruwhg wkdw d iruhfdvw zlqgrz ri 6 WER zdv dssursuldwh iru khxulvwlf surfhgxuhv
zkhuhdv Oxqglq dqg Pruwrq +4<:8, vxjjhvwhg wkdw d zlqgrz ri 8 WER vkrxog eh
xvhg iru ZZ1 Frqvhtxhqwo|/ zh vhw Z @6￿ WER dqg Z @8￿ WER=Hdfk ri wkh
5 ￿ 5 ￿ : ￿ 6 ￿ 7 ￿ 5@9 : 5h{shulphqwv zdv uhsolfdwhg 8 wlphv/ wkhuhiruh surylglqj
6693 frvw revhuydwlrqv shu orw0vl}lqj uxoh1
8 Vlpxodwlrq uhvxowv
Dv douhdg| phqwlrqhg/ wkh h{shulphqw zdv glylghg lqwr wzr skdvhv1 Wkh ￿uvw vxe0
vhfwlrq suhvhqwv wkh vlpxodwlrq uhvxowv iru sureohpv ri prghudwh vl}h lq zklfk zh
lqfoxghg wkh Zdjqhu0Zklwlq dojrulwkp1 H{hfxwlrq wlph ri ZZ suhfoxghg lwv xvh
iru odujhu sureohpv1 Lq wkh ￿uvw skdvh/ ZZ zdv douhdg| juhhg| frpsduhg wr rwkhu
whfkqltxhv1 Iru lqvwdqfh wr vroyh rqh uroolqj sureohp zlwk S @4 3dqg W @9 3 > hdfk
vlqjoh0ohyho whfkqltxh lv dssolhg dssur{lpdwho| S ￿W @9 3 3wlphv dqg ghwhuplqdwlrq
ri dssursuldwh ydoxhv iru vdihw| vwrfnv uhtxluhv rq dyhudjh 6 sdvvhv ru uxqv ri wkh ixoo
uroolqj surfhgxuh1 Wkxv/ wr jhw frvw revhuydwlrqv dvvrfldwhg zlwk rqh whfkqltxh dqg
rqh vfhqdulr/ zh qhhg wr dsso| wkh frqfhuqhg whfkqltxh 6 ￿ S ￿ W @ 4;33 wlphv1
Iru wkhvh vpdoo lqvwdqfhv/ lw uhtxluhg rq dyhudjh 3139 vhf1 iru dq| khxulvwlf rwkhu
45wkdq ZZ wr vroyh rqh fdvh +lqfoxglqj wkh ghwhuplqdwlrq ri vdihw| vwrfn ydoxhv,1 H{0
hfxwlrq wlph ri ZZ zdv :3 wlphv kljkhu zlwk dq dyhudjh ri 716; vhf1 shu vfhqdulr
+vlpxodwlrqv zhuh uxq rq d Shqwlxp LLL/ 783 Pk},1 Wkxv/ ghvslwh wkh ghyhorsphqw ri
hyhu pruh srzhuixo frpsxwhuv/ frpsxwdwlrqdo glvdgydqwdjh ri ZZ lv xqplvwdndeoh
xqghu pxowl0ohyho uroolqj frqglwlrqv1
814 vpdoo lqvwdqfhv
Wdeoh 7 jlyhv iru dq| orw0vl}lqj uxoh wkh dyhudjh frvw ghfuhdvh uhvxowlqj iurp dq huuru
ghsohwlrq +hdfk hqwu| lv dq dyhudjh ri 7;3 revhuydwlrqv,1 Iru lqvwdqfh/ uhgxflqj
wkh huuru iurp 43( wr 3( |lhogv d frvw ghfuhdvh ri 85=98( xvlqj wkh LSSD uxoh1
Wkh ￿uvw urz fohduo| vkrzv wkdw vzlwfklqj iurp d vlwxdwlrq ri orz huuru +43(, wr d
vlwxdwlrq ri fhuwdlqw| ohdgv wr d frvw uhgxfwlrq ri derxw 83( zkdwhyhu wkh hpsor|hg
whfkqltxh1 Ghfuhdvlqj wkh huuru ohyho |lhogv ehwwhu frvw uhgxfwlrqv zkhq wkh lqlwldo
ohyho ri xqfhuwdlqw| lv prghudwh= frvw uhgxfwlrq lv derxw 6( iru dq huuru ghfuhdvh
iurp 53( wr 43( zkhuhdv lw dssur{lpdwhv 4( iru d ghfuhdvh lq xqfhuwdlqw| iurp 93
wr 83( ru 83 wr 73(1 Zkdwhyhu wkh vhohfwhg whfkqltxh uhgxflqj wkh huuru ohyho dozd|v
ohdgv wr d vljql￿fdqw frvw ghfuhdvh1
LSSD ZZ HRT SRT OXF VP
Huuru ghfuhdvh +(,
43 ￿ 3 ￿85=98 ￿83=6; ￿6<=:5 ￿7<=35 ￿7<=87 ￿83=53
53 ￿ 43 ￿6=36 ￿6=96 ￿4=< ￿7=7: ￿5=84 ￿5=8<
63 ￿ 53 ￿5=7; ￿4=;8 ￿3=:8 ￿5=59 ￿5=58 ￿5=88
73 ￿ 63 ￿4=77 ￿4=84 ￿4=46 ￿4=96 ￿4=87 ￿4=<6
83 ￿ 73 ￿4=39 ￿4=6: .3=55 ￿4=37 ￿4=3< ￿4=38
93 ￿ 83 ￿4=67 ￿4=4; ￿3=:4 ￿4=:7 ￿4=37 ￿4=7:
93 ￿ 43 ￿<=7< ￿<=:7 ￿8=36 ￿44=: ￿;=;< ￿<=8:
Wdeoh 7= Dyhudjh frvw ghfuhdvh shu huuru ghfuhdvh
Wdeoh 8 surylghv iru hdfk whfkqltxh wkh dyhudjh frvw ghyldwlrq uhodwlyh wr wkh ehvw
ryhudoo uxoh qdpho| LSSD +erog qxpehuv,1 Iru hdfk huuru ohyho zh kdyh 5 ￿ 5 ￿ 6 ￿
5 ￿ 8 ￿ 7@7 ; 3frvw revhuydwlrqv shu uxoh +5 ghpdqg sdwwhuqv/ 5 huuru sdwwhuqv/ 6
WER ydoxhv/ 5 zlqgrz ohqjwkv/ 7 ydoxhv ri wkh frpsoh{lw| lqgh{ dqg 8 uhsolfdwlrqv,1
Lq hdfk ri wkhvh 7;3 vlwxdwlrqv zh glylghg wkh frvw ri d jlyhq whfkqltxh e| wkh frvw
surylghg e| LSSD lq wkh vdph vlwxdwlrq dqg wkhq dyhudjhg ryhu wkh 7;3 vfhqdulrv1
Wdeoh 8 dovr jlyhv wkh vwdqgdug ghyldwlrq frpsxwhg lq d vlplodu zd| +uhjxodu qxpehuv
ehorz erog qxpehuv,1 Iru lqvwdqfh/ ZZ surgxfhv frvwv wkdw duh rq dyhudjh 91<8(
kljkhu wkdq wkh frvwv ri LSSD zlwk d vwdqgdug ghyldwlrq ri 54169( lq fdvh ri qr
huuru1 Wkh odvw ￿yh urzv h{klelw wkh uhvxow ri whvwlqj wkh lpsdfw ri huuru ohyhov rq wkh
uhodwlyh frvw shuirupdqfh ri wkh khxulvwlfv xvlqj wkh qrq0sdudphwulf Nuxvndo0Zdoolv
DQRYD1
Wr kljkoljkw wkh uhvxowv lq Wdeoh 8/ zh fkrvh wr sorw wkh dyhudjh frvw ghyldwlrq
iurp LSSD lq Iljxuh 5 iru doo srvlwlyh huuru ohyhov +iru ￿ @3 > frvw ghyldwlrqv zhuh
wrr glvshuvhg wr eh lqfoxghg lq wkh Iljxuh,1 Wklv ￿jxuh dovr surylghv wkh uhvxowv ri
wkh Zlofr{rq whvw iru sdluhg vdpsohv zh xvhg wr h{soruh gl￿huhqfhv ehwzhhq orw0vl}lqj
uxohv iru hdfk srvlwlyh huuru ohyho1 Wkh whvw zdv shuiruphg rq jurvv frvw revhuydwlrqv
dqg zdv xvhg wr dssudlvh wkh qxoo k|srwkhvlv wkdw wkh frvwv surgxfhg e| wzr gl￿huhqw
whfkqltxhv frph iurp wkh vdph glvwulexwlrq1 D yhuwlfdo olqh olqnlqj wzr srlqwv ru d
46Idfwru Ydoxh ZZ HRT SRT OXF VP
Huuru 3133 91<8 671<: 44197 45164 43173
+7;3 Rev1, 54169 65189 551<: :1<: 46165
3143 4196 7184 6187 9167 719<
91;4 :16< :15: ;163 :146
3153 515; 616; 8165 81:; 7147
913< :186 ;153 ;166 91;;
3163 4195 4199 8153 8196 7149
8168 91<9 ;14; ;17: 9186
3173 41:5 416; 8196 81;< 7199
816: 91<4 ;164 ;195 918:
3183 5137 3145 81:5 9156 719:
8165 91:6 :175 43147 91<8
3193 41;; 03174 9156 913; 71;3
8135 9185 :194 4319; :133
s1f1 ( ￿ ￿ 3 741;5 3133 3133 3133 3133
￿ ￿ 43 761:< 3133 3133 86176 7717:
￿ ￿ 53 73167 3133 4419< <41:4 65165
￿ ￿ 63 931<9 3133 <13: <317: 6<193
￿ ￿ 73 :614< 3133 8318: :9189 ;5159
￿ ￿ 83 8<143 5:1:3 59138 97155 8;1;3
Wdeoh 8= Phdqv dqg vwdqgdug ghyldwlrqv ri frvw lqfuhdvhv 0 vpdoo lqvwdqfhv
vtxduhg durxqg wzr srlqwv lq Iljxuh 5 phdqv wkdw qr vwdwlvwlfdoo| vljql￿fdqw gl￿huhqfh
h{lvwv ehwzhhq wkh wzr frqfhuqhg whfkqltxhv dw wkh 8( ohyho1
Iru ￿ @3+qr huuru/ vhh Wdeoh 8, LSSD lv wkh ehvw khxulvwlf iroorzhg e| ZZ
wkdw surgxfhv rq dyhudjh frvw wkdw duh 91<8( kljkhu wkdq wkrvh uhvxowlqj iurp LSSD1
Krzhyhu/ wkh Zlofr{rq whvw uhyhdohg wkdw wkhuh duh qr vljql￿fdqw gl￿huhqfhv ehwzhhq
LSSD dqg ZZ1 SRT/ VP dqg OXF surgxfh frvwv wkdw ghyldwh iurp LSSD e| 43045(
exw wkhvh khxulvwlfv duh doo gl￿huhqw1 Wkh zruvw whfkqltxh xqghu fhuwdlqw| lv HRT
zlwk dq dyhudjh frvw ghyldwlrq ri 671<:(1
Dv vrrq dv xqfhuwdlqw| lv lqwurgxfhg +￿ @4 3 ( ,/ frvw ghyldwlrqv iurp LSSD lpph0
gldwho| ghfuhdvh dqg ehfrph ohvv glvshuvhg wkdq wkh| duh xqghu fhuwdlqw|1 Krzhyhu/
vljql￿fdqw gl￿huhqfhv h{lvw ehwzhhq vrph sdluv ri uxohv1 ZZ lv wkh vhfrqg ehvw
khxulvwlf diwhu LSSD1 LSSD dqg ZZ duh gl￿huhqw iurp hdfk rwkhu dqg dovr iurp wkh
uhvw ri wkh whfkqltxhv1 SRT dqg HRT duh qrw vljql￿fdqwo| gl￿huhqw dqg shuirup
zruvh wkdq LSSD dqg ZZ1 Wkh zruvw khxulvwlfv duh OXF dqg VP dqg wkh| duh qrw
vwdwlvwlfdoo| gl￿huhqw iurp hdfk rwkhu1
Iru ￿ @ 53( wr ￿ @9 3 ( > SRT ehkdyhv h{dfwo| lq wkh vdph zd| dv OXF dqg h{0
klelwv wkh srruhvw shuirupdqfh1 VP shuirupv ehwwhu wkdq OXF dqg vhhpv wr surgxfh
ehwwhu frvwv wkdq SRT dowkrxjk wkhuh duh qr vljql￿fdqw gl￿huhqfhv ehwzhhq VP dqg
SRT1 Iurp Iljxuh 5 lw fdq eh vhhq wkdw wkhvh wkuhh khxulvwlfv h{klelw d yhu| vlplodu
ehkdylrxu iru wkh ydulrxv ohyhov ri huuru dqg gl￿huhqfhv ehwzhhq wkhlu frvw ghyldwlrqv
duh fohduo| vwhdg| ryhu wkh ￿0ydoxhv1 Uhvxowv ri wkh Nuxvndo0Zdoolv DQRYD whvw vkrz
wkdw wkh shuirupdqfh ri wkhvh wkuhh surfhgxuhv lv qr orqjhu d￿hfwhg e| wkh pdjqlwxgh
ri huuruv dv vrrq dv ￿ ￿ 53( +fulwlfdo suredelolwlhv lq Wdeoh 8 iru ￿ ￿ 53( wr ￿ ￿ 83(
duh doo vxshulru wr 8(,1
ZZ vwloo dsshduv dv wkh vhfrqg ehvw phwkrg diwhu LSSD iru huuruv xs wr 63(=
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LSSD ZZ HRT SRT OXF VP
Iljxuh 5= Dyhudjh frvw ghyldwlrq uhodwlyh wr LSSD dqg Zlfr{rq whvw uhvxowv 0 vpdoo
lqvwdqfhv1
e| wkh lqwurgxfwlrq ri xqfhuwdlqw|1 Rq Iljxuh 5 zh fdq hdvlo| revhuyh wkdw ZZ*v
dyhudjh ghyldwlrq iurp LSSD lv dozd|v durxqg 5( zkdwhyhu wkh pdjqlwxgh ri huuruv1
HRT lv wkh rqo| khxulvwlf zkrvh shuirupdqfh gudpdwlfdoo| lpsuryhv zlwk wkh ohyho
ri xqfhuwdlqw| +vhh Iljxuh 5,1 Wklv lv frq￿uphg e| wkh fulwlfdo suredelolwlhv lq Wdeoh
8= xs wr ￿ @8 3 (wkhuh duh vljql￿fdqw gl￿huhqfhv lq HRT*v uhodwlyh frvw shuirupdqfh
iurp rqh huuru ohyho wr wkh qh{w1 Wklv uhvxow lv frqvlvwhqw zlwk sulru vlqjoh0ohyho vwxglhv
+Gh Ergw hw do1/ 4<;5 dqg Zhpphuoøy/ 4<;7,1 Vwduwlqj zlwk wkh zruvw frvw ghyldwlrq
iurp ehqfkpdun xqghu fhuwdlqw|/ wkh shuirupdqfh ri HRT judgxdoo| lpsuryhv vr dv
w ru h d f kw k d wr iZ Zi r u￿ @6 3 (d q gw k d wr iL S S Di r u￿ ￿ 83(=
Wdeoh 9 glvsod|v wkh dyhudjh frvw ghyldwlrqv iurp LSSD iru wkh rwkhu idfwruv lq0
foxghg lq wkh vwxg| +F>WER>===,1 Wkhvh dyhudjh frvw udwlrv dsshdu lq erog qxpehuv
dqg vwdqgdug ghyldwlrqv duh wkh uhjxodu qxpehuv xqghuqhdwk1 Wdeoh 9 dovr h{klelwv
wkh fulwlfdo suredelolwlhv iru wkh Nuxvndo0Zdoolv DQRYD whvw zklfk zdv xvhg wr ds0
sudlvh wkh lpsdfw ri wkh ydulrxv idfwruv rq wkh shuirupdqfh1 Surgxfw vwuxfwxuh frp0
soh{lw| kdv d vljql￿fdqw h￿hfw rq wkh uxohv* uhodwlyh frvw shuirupdqfhv +dsduw iurp
VP, exw wkh uhodwlrqvkls ehwzhhq frpsoh{lw| dqg frvw udwlrv lv xqfohdu1 Wkhuh lv
rqo| d whqghqf| iru ZZ wr lpsuryh dv frpsoh{lw| lv lqfuhdvhg1 Wkh fkrlfh ri d
sduwlfxodu ghpdqg sdwwhuq dovr lpsdfwv rq wkh frvw shuirupdqfh h{fhsw iru VP1 Frvw
shuirupdqfh ri doo khxulvwlfv h{fhsw VP whqgv wr lpsuryh dv wkh ohyho ri WER lv lq0
fuhdvhg1 Wklv lv srvvleo| gxh wr d zlghu ylvlelolw| dv iruhfdvw zlqgrzv duh lqfuhdvlqj
zlwk WER dqg xvxdoo| orqjhu zlqgrzv dpholrudwh wkh frvw shuirupdqfh1 Wkh huuru
sdwwhuq h{huwv lq xhqfh rq wkh frvw shuirupdqfh ri doo whfkqltxhv h{fhsw ZZ zklfk
zdv douhdg| lqvhqvlwlyh wr wkh huuru ohyho1 HRT*v uhodwlyh frvw shuirupdqfh lpsuryhv
iru huuruv lqfuhdvlqj lq wlph1 HRT*v uhodwlyh shuirupdqfh lv gh￿qlwho| ehwwhu zlwk
pruh huuruv1
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Wdeoh 9= Phdqv dqg vwdqgdug ghyldwlrqv ri frvw udwlrv iru rwkhu idfwruv dqg fulwlfdo
suredelolwlhv 0 vpdoo lqvwdqfhv
49815 Odujhu sureohpv
Wdeoh : lv dqdorjrxv wr Wdeoh 7 dqg glvsod|v wkh dyhudjh frvw uhgxfwlrq rewdlqhg e|
judgxdoo| glplqlvklqj wkh huuru ohyho1
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Wdeoh := Dyhudjh frvw ghfuhdvh shu huuru uhgxfwlrq 0 odujhu sureohpv
Dv h{shfwhg/ uhgxflqj wkh huuru ohyho iurp 43( wr 3( |lhogv wkh eljjhvw frvw
uhgxfwlrqv/ zkdwhyhu wkh hpsor|hg whfkqltxh1 Wklv uhgxfwlrq dssur{lpdwhv 83( iru
LSSD/ VP dqg OXF zkhuhdv lw uhdfkhv 63( iru HRT dqg SRT1 Djdlq/ wkh frvw
uhgxfwlrq lv dozd|v pruh lpsruwdqw zkhq wkh +lqlwldo, huuru ohyho lv prghudwh1
Olnh Wdeoh 8/ Wdeoh ; suhvhqwv wkh dyhudjh frvw ghyldwlrqv uhodwlyh wr LSSD/ wkh
vwdqgdug ghyldwlrqv dqg wkh uhvxowv ri wkh Nuxvndo0Zdoolv DQRYD whvw iru 83￿lwhp
surgxfw vwuxfwxuhv ryhu d wrwdo qxpehu ri W @4 5 3shulrgv1
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Wdeoh ;= Phdqv/ vwdqgdug ghyldwlrqv ri frvw lqfuhdvhv dqg DQRYD whvw uhvxowv 0
odujhu sureohpv
Iljxuh 6 sorwv wkh dyhudjh frvw udwlrv glvsod|hg lq Wdeoh ; dqg vxppdul}hv wkh
uhvxowv ri wkh Zlofr{rq whvw xvhg wr dssudlvh wkh gl￿huhqfhv ehwzhhq khxulvwlfv1
Xqghu fhuwdlqw|/ LSSD lv djdlq wkh ehvw khxulvwlf iroorzhg yhu| forvho| e| VP1
OXF surgxfhv frvw wkdw duh 491<8( kljkhu wkdq LSSD1 HRT dqg SRT h{klelw wkh
4:zruvw shuirupdqfh zlwk d frvw ghyldwlrq vxshulru wr ;3(1 Qr vljql￿fdqw gl￿huhqfhv
h{lvw ehwzhhq wkhvh wzr uxohv1
Zkhq xqfhuwdlqw| lv lqwurgxfhg +￿ @ 43(,> shuirupdqfh ri doo uxohv +h{fhsw VP,
gudpdwlfdoo| lpsuryhv vr shuirupdqfh gl￿huhqfhv ehwzhhq uxohv duh ohvv frqwudvwhg1
LSSD lv vwloo wkh ehvw khxulvwlf forvho| iroorzhg e| VP/ OXF dqg HRT zlwk qr vlj0
ql￿fdqw gl￿huhqfhv ehwzhhq wkhvh wkuhh uxohv1 SRT dsshduv dv wkh zruvw whfkqltxh
zlwk d frvw ghyldwlrq derxw :(1
Iru ￿ @5 3 (wr ￿ @9 3 ( > VP h{klelwv d vwhdg| ehkdylrxu zlwk dq dyhudjh
ghyldwlrq wr LSSD durxqg 4173(1 Wkh DQRYD whvw vkrzv wkdw SRT*v shuirupdqfh
lv qr orqjhu d￿hfwhg e| wkh huuru ohyho dv vrrq dv ￿ ￿ 53(= SRT lv wkh zruvw khxulvwlf
dqg lv dfwxdoo| qrw d￿hfwhg dw doo e| wkh pdjqlwxgh ri huuru/ rqo| wkh h{lvwhqfh ri
xqfhuwdlqw| pdwwhuv1 OXF ehkdyhv h{dfwo| lq wkh vdph zd| dv LSSD zlwk qr pruh
vljql￿fdqw gl￿huhqfhv ehwzhhq wkhvh wzr uxohv iurp ￿ @6 3wr 93(1 HRT lv djdlq
wkh rqo| khxulvwlf iru zklfk wkh ohyho ri huuru pdwwhuv dqg HRT fohduo| rxwshuirupv
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Iljxuh 6= Dyhudjh frvw ghyldwlrq uhodwlyh wr LSSD dqg Zlofr{rq whvw uhvxowv 0 odujhu
sureohpv
Wdeoh < jlyhv wkh dyhudjh frvw ghyldwlrqv iurp LSSD dqg vwdqgdug ghyldwlrqv
iru wkh rwkhu idfwruv lqfoxghg lq wkh vwxg| +F>WER>===,1 Olnh Wdeoh 9/ wdeoh < dovr
glvsod|v wkh uhvxowv ri wkh Nuxvndo0Zdoolv DQRYD whvw zklfk zdv xvhg wr fkhfn wkh
lpsdfw ri wkh ydulrxv idfwruv rq wkh uhodwlyh frvw shuirupdqfhv1
Hyhu| idfwru ohyho vhhpv wr pdwwhu1 Wkhuh lv d whqghqf| ri wkh surfhgxuhv wr
lpsuryh dv frpsoh{lw| lv lqfuhdvhg1 Khxulvwlfv vhhp wr shuirup ehwwhu zkhq d xqlirup
ghpdqg sdwwhuq lv frqvlghuhg1 Jhqhudoo| frvw shuirupdqfh lpsuryhv zlwk kljkhu WER
+h{fhsw iru VP dv lw zdv douhdg| wkh fdvh iru vpdoo lqvwdqfhv,1 Djdlq HRT shuirupv
ehwwhu xqghu lqfuhdvlqj huuruv1
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Wdeoh <= Phdqv dqg vwdqgdug ghyldwlrqv ri frvw udwlrv iru rwkhuidfwruv dqg fulwlfdo
suredelolwlhv 0 odujhu sureohpv
4<9 Frqfoxvlrqv
Lq wklv sdshu/ lw kdv ehhq vkrzq wkdw huuru ghfuhdvh +htxlydohqwo| pruh dffxudwh iruh0
fdvw gdwd, dozd|v |lhogv vljql￿fdqw frvw uhgxfwlrqv zkdwhyhu wkh hpsor|hg orw0vl}lqj
whfkqltxh1 Krzhyhu/ wkh uhodwlrqvkls ehwzhhq wkh huuru ghfuhdvh dqg wkh frvw glplqx0
wlrq lv qrw olqhdu= frvw uhgxfwlrqv duh pruh lpsruwdqw zkhq wkh lqlwldo ohyho ri huuru
lv prghudwh1 Wklv vxjjhvwv wkdw frpsdqlhv zrunlqj rq wkh edvlv ri kljko| xqfhuwdlq
ghpdqg gdwd pljkw eh glvdssrlqwhg e| wkh ehqh￿wv ri lpsohphqwlqj HGL dv rqh fdq
qrw uhdvrqdeo| h{shfw dq huuru ghfuhdvh iurp 83( wr 43(1 Sdudgr{lfdoo| frpsdqlhv
zlwk prghudwh ghpdqg xqfhuwdlqw| kdyh wkhuhiruh pruh lqfhqwlyhv wr ghyhors HGL1
Dv vrrq dv xqfhuwdlqw| lv lqwurgxfhg frvw shuirupdqfhv uhodwlyh wr ehqfkpdun
+LSSD, ehfrph ohvv glvshuvhg wkdq wkh| duh xqghu fhuwdlqw|1 Wkh suhvhqfh ru de0
vhqfh ri huuruv uhdoo| pdwwhuv zkhuhdv wkh huuru pdjqlwxgh lwvhoi lv ohvv lpsruwdqw1
Wklv grhv qrw phdq wkdw doo khxulvwlfv h{klelw vlplodu shuirupdqfhv xqghu xqfhu0
wdlqw|1 Khxulvwlfv vwloo h{klelw vljql￿fdqw shuirupdqfh gl￿huhqfhv exw wkhlu uhodwlyh
shuirupdqfhv whqg wr ohyho r￿ dv huuruv jurz odujhu1
Zkhq wkh huuru ohyho lv lqfuhdvhg khxulvwlfv* uhodwlyh shuirupdqfhv duh qr orqjhu
d￿hfwhg e| wkh pdjqlwxgh ri huuru h{fhsw HRT zkrvh uhodwlyh shuirupdqfh gudpdw0
lfdoo| lpsuryhv zlwk wkh huuru ohyho1 Wklv lv frqvlvwhqw zlwk sulru vwxglhv dqg vrph
dxwkruv srvlw wkdw HRT h{klelwv d jrrg shuirupdqfh ehfdxvh lw fduulhv lwv rzq vdihw|
vwrfn1 Dv zh xvhg Vloyhu*v yhuvlrq ri wkh HRT/ wklv dujxphqw fdq kdugo| eh ydolg
vlqfh rughuv dozd|v fryhu dq lqwhjhu qxpehu ri ixwxuh ghpdqgv1 D orrn dw wkh vdihw|
vwrfn ydoxhv zh rewdlqhg iru doo lwhpv dqg hdfk whfkqltxh uhyhdohg wkdw wkhvh ydoxhv
zhuh qrw orzhu iru HRT1
LSSD vkrzv wkh ehvw shuirupdqfh iru vpdoo lqvwdqfhv dqg odujhu sureohpv xs wr
￿ @6 3 (+HRT rxwshuirupv LSSD iru ￿ @6 3 (wr 93(,1 ZZ lv udqnhg vhfrqg
diwhu LSSD zkhuhdv VP/ OXF dqg SRT vkrz d idluo| srru shuirupdqfh1 Dv rxwolqhg
e| Zhpphuoøy dqg Zk|edun +4<;7, lq wkhlu vlqjoh0ohyho vwxg|/ HRT vhhpv d zlvh
fkrlfh zkhq frpsdqlhv idfh zurqj iruhfdvwv1 Wkh suhvhqw pxowl0ohyho vwxg| frq￿upv
wklv ￿qglqj iru wkh odujhvw surgxfw vwuxfwxuhv xqghu h{dplqdwlrq dqg iru kljk ohyhov
ri xqfhuwdlqw|1
Wklv vwxg| lv suredeo| rqh ri wkh ￿uvw wkdw wkrurxjko| frqvlghuv pxowl0ohyho orw
vl}lqj sureohpv zlwk pdq| gl￿huhqw surgxfw vwuxfwxuhv lqyroylqj d uhdvrqdeo| odujh
qxpehu ri frpsrqhqwv1 Frqwudu| wr sulru vwxglhv/ zh dovr dvvxphg srvlwlyh ohdg
wlphv dqg vkrzhg krz wklv d￿hfwv wkh ixqfwlrqlqj ri wkh uroolqj surfhgxuh hyhq zkhq
ghpdqg lv nqrzq zlwk fhuwdlqw| zlwklq wkh iruhfdvw zlqgrz1 Dowkrxjk wkh pdlq
vlqjoh0ohyho orw0vl}lqj whfkqltxhv kdyh ehhq lqfoxghg khuh/ surfhgxuhv wkdw duh vshfli0
lfdoo| ghvljqhg iru wkh pxowl0ohyho sureohp duh dydlodeoh dqg frxog eh lqfoxghg lq
d ixwxuh vwxg| iru wkh vdnh ri pruh frpsohwh frvw frpsdulvrqv1 Zh fkrvh qrw wr
lqfoxgh wkhvh pxowl0ohyho surfhgxuhv lq wkh suhvhqw vwxg| ehfdxvh prvw ri wkhp duh
edvhg rq wkh Zdjqhu0Zklwlq dojrulwkp zkrvh frpsxwdwlrqdo glvdgydqwdjh vwloo ghwhuv
pdqxidfwxuhuv hvshfldoo| xqghu uroolqj frqglwlrqv1
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wkh fdvh ri d ghwhuplqlvwlf wlph0ydu|lqj ghpdqg udwh dqg glvfuhwh rssruwxqlwlhv
iru uhsohqlvkphqw1 Surgxfwlrq dqg Lqyhqwru| Pdqdjhphqw/ 47=97￿:7/ 4<:61
^59‘ Q1 Vlpsvrq1 Pxowlsoh ohyho surgxfwlrq lq uroolqj krul}rq dvvhpeo| hqylurqphqwv1
Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk/ 447=48￿5;/ 4<<<1
^5:‘ K1 Vwdgwohu1 Lpsuryhg uroolqj vfkhgxohv iru wkh g|qdplf vlqjoh0ohyho orw0vl}lqj
sureohp1 Pdqdjhphqw Vflhqfh/ 79=64;￿659/ 53331
^5;‘ K1 P1 Zdjqhu dqg W1 P1 Zklwlq1 G|qdplf yhuvlrq ri wkh hfrqrplf orw vl}h
prgho1 Pdqdjhphqw Vflhqfh/ 8=;<￿<9/ 4<8;1
^5<‘ X1 Zhpphuory dqg G1 F1 Zk|edun1 Orw0vl}lqj xqghu xqfhuwdlqw| lq d uroolqj
vfkhgxoh hqylurqphqw1 Lqwhuqdwlrqdo Mrxuqdo ri Surgxfwlrq Uhvhdufk/ 55=79:￿
7;7/ 4<;71
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